Objective: To examine the relation between different types of alcoholic drinks and upper digestive tract cancers (oropharyngeal and oesophageal). Design: Population based study with baseline assessment of intake of beer, wine, and spirits, smoking habits, educational level, and 2-19 years' follow up on risk of upper digestive tract cancer. Setting: Denmark. Subjects: 15 117 men and 13 063 women aged 20 to 98 years. Main outcome measure: Number and time of identification of incident upper digestive tract cancer during follow up. Results: During a mean follow up of 13.5 years, 156 subjects developed upper digestive tract cancer. Compared with non-drinkers (drinkers of < 1 drink/week), subjects who drank 7-21 beers or spirits a week but no wine were at a risk of 3.0 (95% confidence interval 1.5 to 6.1), whereas those who had the same total alcohol intake but with wine as >30% of their intake had a risk of 0.5 (0.2 to 1.4). Drinkers of > 21 beers and spirits but no wine had a relative risk of 5.2 (2.7 to 10.2) compared with non-drinkers, whereas those who drank the same amount, but included wine in their alcohol intake, had a relative risk of 1.7 (0.6 to 4.4). Conclusion: A moderate intake of wine probably does not increase the risk of upper digestive tract cancer, whereas a moderate intake of beer or spirits increases the risk considerably.
Introduction
Several epidemiological studies have found a strong association between alcohol intake and the cancers of the upper digestive tract: oropharyngeal and oesophageal cancers.
1- 3 We have shown that mortality from all causes depends on the type of alcohol ingested. The decreased mortality among wine drinkers was attributable to cardiovascular as well as to non-cardiovascular deaths. 4 In Denmark, as in other Western countries, cancer is the most common non-cardiovascular cause of death.
The increased risk of cancers of the oropharynx and the oesophagus is attributed to the exposure of the surfaces of these organs to high concentrations of alcohol. 5 Wine contains several components with possible anticarcinogenic effect-these may exert their action locally in parallel with the possible effect of ethanol. 6 One of these compounds, resveratrol, has recently been shown in an experimental study to inhibit the initiation, promotion, and progression of tumours. 7 We examined the effect of intake of beer, wine, and spirits on the incidence of upper digestive tract cancers in a population based series of prospective cohort studies.
Methods

Population
The Copenhagen Centre for Prospective Population Studies coordinates three comprehensive Danish programmes of prospective population studies: the Copenhagen city heart study, the Copenhagen male study, and the Copenhagen county centre of preventive medicine (formerly, the Glostrup population studies)-the latter including the MONICA project (an international study conducted under the auspices of the World Health Organisation to monitor trends in, and determinants of, mortality from cardiovascular disease). The Copenhagen city heart study and the Glostrup population studies were age stratified and randomly selected from defined areas in greater Copenhagen, and the subjects in the Copenhagen male study were from 14 large workplaces in Copenhagen. Mean participation rate was 80% (69-88%). All population studies included a health examination and a self administered questionnaire on various health related issues, including alcohol intake, smoking habits, and school education. The answers to the questionnaires were checked by the staff during the examination. Detailed descriptions of the studies have been published previously. [8] [9] [10] Questionnaire Subjects in the Copenhagen male study were asked about an average daily intake of beer, wine, and spirits on weekdays (Monday to Thursday) and at weekends (Friday to Sunday). Daily intakes were summed to give a weekly intake. Participants in the Glostrup population studies and the Copenhagen city heart study gave details of their average weekly intake of each type of alcoholic drink. One beer contains 12 g of alcohol, which can be considered to be the amount of alcohol in a standard alcoholic drink in Denmark. The subjects reported whether they were "never smokers," former smokers, or current smokers. For the analysis, five groups were defined: never smokers; former smokers with > 5 years' smoking; former smokers with <5 years' smoking; smokers of 1-19 g tobacco/day; and smokers of >20 g tobacco/day.
Follow up
Patients with cancer were identified by record linkage between the present populations and the cancer register at the Danish cancer registry. 11 Vital status of the population sample was followed until 1 January 1994, by using the unique person identification number in the national, central person register. The observation time for each participant was the period from the date of the initial examination until 1 January 1994, until the date that upper digestive tract cancer was diagnosed, or until the date of death, emigration, or disappearance. The cancer was defined according to the 7th revision of the international classification of diseases as 140.0 to 149.0 (oral cavity and pharyngeal cancers) and 150.0 (oesophageal cancers).
Statistical analysis
The data were analysed by means of Cox regression models, with age as the time scale. 12 A first series of models included sex and total alcohol intake (6 categories), and first order interactions between these variables. Smoking habits (5 levels) and educational level (3 levels) were added to this model. We constructed a second series of models including the same covariates as above but using intake of beer, wine, and spirits instead of alcohol intake. Introduction of a first order interaction term between beer and spirits, beer and wine, and spirits and wine implied no significant improvement of the fit of the model to the data. We thus concluded that there was no evidence of interaction between the three types of drinks on the risk of developing upper digestive tract cancer.
Subjects were stratified according to total alcohol intake per week: (a) < 1 drink (non-drinkers), (b) 1-6 drinks, (c) 7-21 drinks, and (d) > 21 drinks. Relative risks of upper digestive tract cancer according to percentage of wine in the total alcohol intake (no wine, 1-30% wine, or > 30% wine) was estimated for these groups, including the same covariates as above. To avoid bias because of presence of upper digestive tract cancer at the time of measuring exposure, the above mentioned models were repeated after exclusion of the first two years of the follow up period. This resulted in no changes in the reported estimates.
Results
During a total of 347 425 person years we found 4987 cases of first identification of cancer; in 156 of these subjects (follow up 2-19 (mean 13.5) years) the cancer was located in the upper digestive tract (90 oropharyngeal and 66 oesophageal).
Alcohol intake and upper digestive tract cancer
There was a strong dose-dependent increase in risk of upper digestive tract cancer with increased alcohol intake, when age, sex, smoking habits, and educational level were controlled for (fig 1) . Compared with non-drinkers the risk of upper digestive tract cancer doubled among those drinking 7-21 drinks a week, whereas drinkers whose intake exceeded 69 drinks a week had a relative risk of 11.7 (95% confidence interval 4.9 to 27.8). Compared with non-smokers, smokers of 1-19 g tobacco/day had a relative risk of 5.0 (2.3 to 10.7) and smokers of >20 g tobacco/day had a risk of 7.5 (3.4 to 16.9). No interaction was found between smoking and alcohol intake, but the number of cases of upper digestive tract cancer among non-smokers was quite low. Educational level was not associated with risk of upper digestive tract cancer (the relative risk was 1.1 (0.6 to 2.0) in the highest level compared with the lowest).
Beer, wine, and spirits, and upper digestive tract cancer
In a model including all three alcoholic drinks, intake of wine tended to reduce the risk of upper digestive tract cancer, whereas intake of beer and spirits significantly increased the risk (table 1) . However, such a model has some disadvantages, even if the relation between one type of drink and upper digestive tract cancer is adjusted for intake of other types of drinks. The reference group comprises non-drinkers of one drink, but they may not be non-drinkers of the other drinks. Furthermore, mean total alcohol intake in the upper category (>7 drinks a week) differs with type of alcohol-for example, beer drinkers had a higher level of intake than spirits and wine drinkers. We therefore conducted an analysis of the effect of proportion of type of alcohol drunk, taking the total alcohol intake into account.
Subjects were categorised according to both the percentage of wine in their total alcohol intake and their total alcohol intake (table 2). The relative risk for these categories of drinking is shown in figure 2 . The subjects who drank >7 drinks a week and had a high relative intake of wine had a significantly lower risk. Among subjects drinking 7-21 drinks a week, those who drank only beer and spirits had a relative risk of 3.0 (1.5 to 6.1), whereas those who included > 30% wine in their alcohol intake had a relative risk of 0.5 Table 1 Relative risk (95% confidence interval) of upper digestive tract cancer, according to intake of beer, wine, and spirits, adjusted for age, sex, smoking habits, and educational level (0.2 to 1.4). Among subjects drinking > 21 drinks a week, those who drank only beer and spirits had a relative risk of 5.2 (2.7 to 10.2), whereas those whose total alcohol intake comprised > 30% wine had a relative risk of 1.7 (0.6 to 4.4). In concordance with this, a high proportion of beer or spirits of the total alcohol intake implied a higher risk of upper digestive tract cancer than did a low proportion (table 3) .
Discussion
These data confirm the well known association between total alcohol intake and risk of cancers of the upper digestive tract. 1 3 13-15 Furthermore, the data show that the carcinogenic effect of alcohol may be restricted to beer and spirits and may not be present in wine.
Other studies
The association between type of alcoholic drink and upper digestive tract cancer has been addressed in several retrospective case-control studies with different results. A common feature of these studies was that the main type of alcohol drunk was also the type most strongly associated with risk of upper digestive tract cancer. 16 This could be interpreted as all three types of drinks (beer, wine, and spirits) having an equally detrimental effect. Alternatively, this could be interpreted as a poor assessment of the intake of two of the three types of drinks, without proper adjustment for one type of alcoholic drink when estimating the effect of another. Moreover, in several studies there were few or no consumers of one or more of the different types of drinks. 17 The findings of increased risk of upper digestive tract cancer with alcohol intake in countries predominantly drinking wine seems at first contradictory to our findings. On the other hand, beer and spirits are also drunk in these countries, thereby contributing to the increased odds ratios. Furthermore, the odds ratios for heavy drinkers versus non-drinkers found in these studies were only doubled, whereas risk of the same type of cancer from smoking was considerably higher. 18 In our study, alcohol was a much stronger risk factor for upper digestive tract cancer than smoking, with a 12-fold increased risk among heavy drinkers compared with non-drinkers.
The conflicting results in the case-control studies may be the result of other methodological shortcomings, such as recall bias, insufficient adjustment for confounders, 19 and selection bias. 16 In case-control studies the information on alcohol is obtained from patients weeks, months, or years after the cancer is diagnosed or by interviewing the relatives after the patient's death. The problem of recall bias of the alcohol intake is further reinforced by the long latency period between carcinogenesis and diagnosis. The present population study is based on prospective studies and so is not burdened by recall bias; the validity of the reported intake of beer, wine, and spirits seems high. 20 Furthermore, the sensitivity of the questionnaire based information on average weekly alcohol intake is emphasised by the very high relative risk among heavy drinkers compared with non-drinkers (fig 1) . 
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Fig 2
Relative risk for upper digestive tract cancer, according to proportion of wine in total alcohol intake and according to total alcohol intake. Relative risk is set at 1.0 among non-drinkers after adjustment for age, sex, smoking habits, and educational level
Confounders
Consumers of different alcoholic drinks may differ in other aspects of their lifestyle and thereby be at different risk of developing cancer. Heavy drinkers, for example, were more likely to be heavy smokers, and heavy smokers experienced a higher risk of upper digestive tract cancer than non-smokers (7.1 (95% confidence interval 3.2 to 15.0)). Thus in this study, smoking was a confounder that was carefully controlled for in all our analyses. Moreover, there was no interaction between effects of smoking and effects of total alcohol intake or type of alcohol drunk on risk of upper digestive tract cancer. Diet has been shown to be a risk factor for oesophageal cancer, 21 but we have no data on dietary habits in the Copenhagen Centre for Prospective Population Studies. On the other hand, dietary factors such as a high consumption of fruit and vegetables would have to be strongly associated with wine intake and with upper digestive tract cancer in the present population to be an effective confounder. To our knowledge, no clear relation between dietary factors and these variables has yet been found.
Anticarcinogenic properties of wine
Our findings on the relation between wine and upper digestive tract cancer are strongly supported by the recent experimental studies showing that resveratrol, one of several anticarcinogenic compounds in wine, inhibits the initiation, promotion, and progression of tumours. 7 22 We thank M von Holstein, B Bredesen, and the staff of the Copenhagen Centre for Prospective Studies for help; Adam Gottschau and Anders Munch Bjerg for statistical advice and data management; and the Copenhagen Centre for Prospective Population Studies-comprising the Copenhagen city heart study, the Copenhagen male study, and the Copenhagen county centre of preventive medicine (formerly, the Glostrup population studies)-for collecting all the original data.
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x Wine drinkers may be at a lower risk of developing upper digestive tract cancer than drinkers who have a similar intake of beer or spirits
Endpiece
Surgical epidemic
The whole history of surgery will scarcely, perhaps, exhibit such an extraordinary number of new operations within the same period of time as the last twelve months have produced. A perfect mania for operating has existed ever since the first operation for squinting was declared to be successful. 
